A simultaneous two-site immunoenzymometric assay for creatine kinase MB determination (Hybritech Tandem-Ε CK-MB) using monoclonal antibodies was evaluated and compared with cellulose acetate electrophoresis using fluorometric scanning densitometry.
Introduction
The enzyme creatine kinase (adenosine-5'-triphosphate: creatine N-phosphotransferase, EC 2.7.3.2) catalyses the reversible transfer of a phosphate group from adenosine-5'-triphosphate to creatine. It exists in the cytoplasm of the cells of human tissues äs a dimer composed of two subunits, designated M and B, having a relative molecular mass of 43 000 and 44500, respectively (1) . These subunits combine to produce three dimeric molecular forms designated creatine kinase MM, MB and BB (2) . A fourth isoenzyme, isolated from the mitochondria of mammalian tissues, has been shown to differ from the cytoplasmic forms in a number of biological and biochemical criteria (3 -5) . Concentrations (catalytic, mass) of creatine kinase MB in serum are used to determine whether cardiac damage has occurred: the low concentration of MB in normal serum and in tissues other than the heart is the basis of its use äs a sensitive and relative specific indicator in the diagnosis of acute myocardial infarction (6) (7) (8) (9) (10) (11) . For these reasons, various techniques have been used to isolate and detect the MB isoenzyme. Three methods are at present in routine use: electrophoresis on cellulose acetate or agarose, anion-exchange chromatography and immunoinhibition, all having different analytical and clinical advantages and disadvantages (12, 13) . Recently, a promising approach has been the use of anti-monomer M and anti-monomer B antibodies for specific detection of creatine kinase MB by "sandwich" techniques, with the determination of mass concentration of the enzyme instead of its catalytic activity concentration (14) (15) (16) (17) (18) . The Tandem-creatine kinase MB immunoenzymometric assay (Hybritech Inc., San Diego, CA 92121, USA) uses two monoclonal antibodies to determine the creatine kinase MB molecule; one monoclonal antibody is directed toward the B subunit and the other toward the M subunit, producing an assay which is specific for creatine kinase MB (19) .
In this report, we have evaluated the analytical performance of this new commercial kit and compared results with those obtained with an electrophoretic technique on acute myocardial infarction patients.
Materials and Methods

Blood samples
Fourty nine patients (43 men and 6 women, with ages ranging from 44 to 82 years), ädmitted to the Coronary Gare Uüit of the Civil Hospital of Brescia because of acute myocardial infarction, were studied. Myocardial necrosis assessment was based on usual diagnostic criteria (20) . Peripheiral venous blood samples were obtained immediately after admission to the hospital, every 4 hours for the first 24 hours and every 8 hours for the following 48 hours.
In addition, 250 healthy people (125 women and 125 men, whose ages ranged from 10 to 70 years), with normal serum biochemical and haematological tests and without clinical evidence of cardiac and muscle diseases, were studied in of der to establish the reference level of creatine kinase MB isoenzyme concentration in serum.
All serum samples were assayed immediately for total creatine kinase activity; electrophoresis and enzyme immunoassay were performed within 24 hours after collection with Interim storage at -20 °C in hennetically sealed plastic Containers.
Assay methods
Measurement of total creatine kinase
;
Total creatine kinase activity was measured with the Standard method of the Scandinavian Cornmittee on Enzymes (21) with reagents from Boehringer, Mannheim, FRG, on a Cobas Bio centrifugal analyzer (F. Hoffmann La Röche and Co., Ltd., Basle, Switzerland). Catalytic activity was expressed in terms of U/l serum (l Unit = l Substrate converted per minute under optimal conditions) measured at 37 °C; discriminatkm limits were 160 U/l for women and 190 U/l for inen.
Electrophoresis
We electrophoretically separated creatine kinase isoenzymes on Titan III cellulose acetate membrane by using the Zip Zone electrophoresis chamber (Helena Laboratories, Beaumont, TX 77704, USA) and creatine kinase reagents from Böehringer, Isoenzymes were separated according to the manufacturer's instruction; after incubation for 25 minutes at 37 °C, the isoeil·· zyme bands were visible by virtue of their fluorescence and quantitated by fluorometric scanning of the tracings with a Helena Cliniscan densitometer; the ratio of isoenzymes was calculated from the integrated area under each *peak and the enzymic activity of the MB band was calculated from the product of the total creatine kinase activity and the percentage of the fluorescence appearing in the MB region. The method is linear to'500 U/l per band. Samples with values greater than this should be diluted with saline. Using this method, creatine kinase MB is undetectable in serum fron» healthy subjects.
Enzyme immimoassay
The kit assay (product no. R 4993) was performed according to the manufacturer's direction insert. This assay is a solid phase two-site immunoenzymometric method. Sample containing creatine kinase MB is reacted with a plastic bead, which is coated with a monoclonal antibody directed toward M subunit of the creatine kinase MB molecule, and with a bovine alkaline phosphatase-conjugated monoclonal antibody directed against an antigenic site on the B subunit of the same creatine kinase MB molecule. Unbound conjugate is removed by washing. A chromogenic Substrate is added and the amount of its turnover is determined colorimetrically; the creatine kinase MB concentration present in the sample is directly proportional to the colour intensity. Results quantified by comparing sample response with that of creatine kinase MB calibrator (lyophiiized human serum containing purified human creatine kinase MB) of known concentration, are reported in micrograms per litre.
The assay procedure is s follows. Place a single antibodycoated bead into each 12 χ 75 mm plastic test tube. Add 100 μΐ of antibody conjugate and 100 μΐ of zero diluent (human serum containing no detectable concentration of creatine kinase MB) or calibrator or serum sample (in duplicate). Shake the assay tubes to ensure mixing and incubate the tubes for two hours on a horizontal rotator set, at room temperature. Add 2 ml of wash solution (composition not available from manufacturer) to each tube, aspirate the liquid and repeat this wash
Step twice. Add 200 μΐ of Substrate rcagent 0?-nitrophenylphosphate) to each tube and incubate for 30 minutes at room temperature. The reaction is stopped with 1.5 ml of quench reagent, containing ethylenediaminetetraacetic acid, and the samples are read in a spectrophotometer at 405 nm; in our laboratory a LKB 7400 calculating absorptiometer (LKB Produckter AB, Bromma, Sweden) was used which automatically calculates the net absorbance for the calibrator or specimens by subtracting the absorbance of zero diluent.
Characterization of human creatine kinase MM and BB isoenzymes
The purified MM and BB isoenzymes of creatine kinase, employed for specificity studies, were obtained from CalbiochemBehring Diagnostics, La Jolla, CA 92037, USA. Crealine kinase MM (product no. 238407) was purified from human skeletal muscle and creatine kinase BB (product no. 238397) was purified froin human brain; the purity of each isoenzyme preparation was determined by electrophoresis on polyacrylamide gel. The specific aetivity of each purified isoenzyme was calculated from the total creatine kinase aetivity measured at 37 °C (see above); total protein concentration was measured by the procedure of Lowry et al. (22) . Final preparations of the BB and MM isoenzymes were electrophoretically hom geneous and had specific activities of about 1080 U and 685 U/mg protein, respectively.
Statistical analysis
Calculations of mean, Standard deviation, coefficient of Variation, correlation coefficient and linear regression anaiysis were carried out by Standard methods (23) . Since values for the serum enzymes were not normally distributed, the Statistical analyses were performed with non-parametric Statistical tests, with use of the Wilcoxon test for paired observations (23) . The clearance rate$ (Kd) for each isoenzyme were calculated from the declining slppes of the time^activity curves by linear regression analysis, using a logarithmic scale for enzyme activities (log-scale y-axis) against the time elapsed since the onset (time zero) of the characteristic pain of myocardial infarct (x-axis) (24) . Significanee was established at the level of p < 0.05.
Results
Time course of "sandwich" formation
The effect of varying the duration of the first incubation is illustrated in figure l. Evidently, "sandwich" formation is complete within the two hours incubation recommended by the supplier.
A possible advantage of the Tandem-Ε type of assay is that, since antibody conjugate is added in excess, small pipetting errors in dispensing it may not be significant. In fact, under experimental conditions, the assay response is constant for volumes of antibody conjugate ranging between 80 and 120 μΐ. 
Precision
Precision studies are shown in table 1. Within-run precision was determined by twenty replicate determinations of three different serum samples in one assay; between-day precision was determined by ten measurements of three different serum samples over a series of individually calibrated runs. The coefficients of Variation for intra-and inter-assay precision were between 1.8 and 9.4%.
Interference studies
Haemoglobin (up to 2.5 g/l), bilirubin (up to 430 μηιοΐ/ΐ), triglycerides (up to 11 mmol/1), albumin (up to 150 g/l) and adenylate kinase (up to 2.5 g/l) do not interfere with the evaluated method.
To confirm the MB isoenzyme specificity of the Tandem-E procedure, we tested the effect of purified human creatine kinase MM and BB on assay. The results obtained are presented in table 2. Addition of concentrations of creatine kinase MM lower than 5000 μg/l (3400 U/l) and of creatine kinase BB lower than 1000 μg/l (1080 U/l) to serum sample containing a known concentration of MB isoenzyme did not alter the assayed response of creatine kinase MB from this serum sample.
Tab. l. Precision of creatine kinase MB isoenzyme determination by the evaluated method.
Comparison among the methods
The results of the analytical comparison among the immunoenzymometric assay ^g/l) and electrophoresis (U/l) for 120 individual samples submitted at random to our clinical laboratory from the Department of Cardiology of our hospit l' are shown in figure 2 . The data show considerable scatter; in particular, at low MB values, the ratio electrophoresis/ immunoenzymometric assay is systematically higher. 
Reference interval
The concentration of MB isoenzyme in sera from 250 apparently healthy subjects was measured by the immunoenzymometric method and the reference interval calculated by employing non-parametric determination of percentiles. The· upper limit of reference values, defined s 95th percentile, was 5.5 μg/l; this upper limit was the cut-off value used to define an above-normal concentration of MB isoenzyme in the analysis of clinical specimens. Again, there was no sex-related difference.
Comparison studies in patients with acute myocardial infarction metric assay did not identify myocardial infarct patients earlier than electrophoresis (the sensitivity at 4 hours after the onset of ehest pain was the same, 66% of abnormal test results for both methods).
The data for isoenzyme kinetics in acute myocardial infarction are presented in table 4. Peak times did not differ significantly according to methodology and the peak activity value öf MB isoenzyme by electrophoresis correlates significantly with the peak concentration of MB äs measured by immunoenzymometric assay. On the contrary, the fractional disappearänce rates of the MB isoenzyme from the circulation were statistically different if calculated with the results obtained with the two inethodologies employed. In confirmation of this, abnormal mass concentration of MB isoenzyme in speciinens collected at 72 hours after the onset of ehest pain were observed only in the 14% of cases of infarction against 57% of cases with abnormal enzymatic activity.
Discussion
The objective of this study was to determine whether the Tandem-assay with monoclonal antibodies could be used to replace the traditional electrophoretic technique for measuring creatine kinase MB in the diagnosis of myocardial infarction.
The analytical data demonstrate that the immunoenzymometric assay is a reliable method for quantification of serum creatine kinase MB. This assay has satisfactory precision for clinical application and adequate sensitivity for detecting MB levels encountered in normal sera. Our precision studies indicate that the method performs much better than indicated by Shehan & Haythorn (25) . On the other hand, in our initial experience with this kit, we occasionally obtained discrepant duplicate measurements: particular attention to the washing steps in the procedure, each with vigorous decanting, has decreased this problem of spurious high readings, probably due to unbound phosphatase activity. Analytical specificity is high: the failure of pathological values of the BB and MM isoenzymes to react in the assay suggests that no spurious high levels should be obtained for interference phenomena. Advantages of this procedure are that no special equipment is needed other than a colorimeter and a single point calibration suffices to obtain a linear calibration curve for quantitation of results. Monoclonal antibodies provide two required criteria for linear immunological reaction: homogeneous reactivity and excess reagent (26) ; the third requirement is the linear production of a measurable response by the enzyme-label System, which is alkaline phosphatase. The main disadvantage is that the immunoenzymometric method is more time-consuming than conventional electrophoresis. We found that turnaround times for results from the Tandem procedure were approximately double those for the electrophoresis (about 3 hours for results by the former vs l .5 hours for the latter and holidays in a stat lab. Moreover, potential drawbacks are that falsely positive reactions may result from the presence of heterophilic antibodies in tested serum (27) and falsely negative results may be seen in patients with endogenous anti-B autoantibodies (28) . Our clinical evaluation was planned to emphasize the agreement and disagreement in results of the two MB assays (immunoenzymometric and electrophoretic) rather than their specificity and sensitivity for the diagnosis of myocardial infarction. The clinical Undings demonstrate that, for most studied patients, the early temporal sequence of MB isoenzyine after infarction was the same by both methods. In particular, we were not able to demonstrate MB in the blood after myocardial infarction earlier by Tandem-assay than by electrophoresis. Results were nearly identical in terms of the rate of creatine kinase MB release and the time at which the peak value is obtained but not in terms of the rate of elimination of the isoenzyme. The fractioriäl disappearance rate of MB isoenzyme from the circulation was signiflcantly higher if calculated with Tandem-results rather than with electrophoresis results and, äs a result of this, the ratio electrophoresis/immunoenzymometric assay seemed to increase during the post-infarction period.
Therefore, in the first day after infarction, test results by immunoenzymometric assay and electrophoresis had the same diagnostic sensitivity for identifying patients with acute myocardial necrosis, whereas in specimens collected more than 24 hours after the onset of ehest pain, abnormal MB isppnzyine results were detected less frequently by the Tandem-method rather than by electrophoresis. The reason for this is not clear; one explanation for these findings is that the evaluated assay could recognize merely protein epitopes dissociated untimely from cellülar native MB molecule in the peripheric circulation. Certainly, the use of an immunological assay emplöying monoclonal antibodies may supply new biochemical and clinical Information. The monoclonal antibodies, indeed, represent a defined homogeneous reagent in terms of epitopes, affinity and reactivity, which supp lies new perspectives for the standardization and for the application of immunological determinations of different molecular forms of the enzymes (29) . On the other hand, in partial contrast with other reports (30, 31) , our results show that it is dangerous to draw definitive conclusions from the immunoassay results, äs an exact comparison between enzyme activity and mass concentration measurements appears not to be possible.
